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eihe CUNFIuiNTIAL

Work has conilmued on the electronic and mechenlcal aspects of
the 18«element conrm~»r propused in the repert deted August 18 by drey
end Jones. Vork has elec been coalinued on the computstion of the
"Effect of Atmospheric Absorption on the Response of Infrared Detectors.’

A meeting was held in Yashinpicn November 22 stlended by Hr.
Dauvber of the Navy &nd Dre, Blout snd Jones of the Polrroid Corporstion.
The ninutes of this meeting ave altached as enclosure 2.

A meeting wes held at the Polrrcid Corporatiom on November 12 Yo
discuss th: wechanleal amzpects of the preposed search detector, The
ninutes of thie meeting are etiached as enclosure 2.

Three reports by Dr, Stockmen dated December 2, Hovember 22, end
December 3 ave attached ae enclozures /4, 5, aad 6.

At the request of Mr, Daouber, Tzbles III, IV, and V in the wriver's
report dated September 24, 1G4B, have been extended to include two eddi-
tional source temperetures. & report containing the extended tables 1s
atiacted pp excleogure 1,

10e suLjeCts CiscuLsew iy icleswre 2 include the procurement of
detectors, the probleiss of prescutalion and sun protection. and a liet
of specific tosk zgreemsntz.

snciosure J conbaing en esiiuabe 0i Loe welphi oi the vacivae
parts of the pwerenc? ~coacl Jolicitr, T eonteldneg slso e diceuscicn of
the meena by which the light falling cn ihe phoioconductive cell is to
be chopped. A speciflic mechanical design is propored. The ninutes in-
clude also a discussion cf the details of the chopplng precess and o
dlecussion of the signal-to-noise ratica to be obtcined with several
modificaticas proposed by Mr. Grey and Dr. Matz,

peeif

Enclosure /4 contains 8 s ic proposal for the presentation to
be used with the hemlspheric semrch detecter, including the use of
magretic stornge, The proposed presentelion scheme involves 17 oscillo-
scope sereens (six for each of the two sepsrate detecting syatems).

Mr. Dauber has suggested modifying this propnzsl aso thet the total number
is reduced from 12 ‘o four.,

Enclosure 5 contains a discussion of the mechanicel design of the
herispheric search detector,

Enclosure 6 contains a discussion of the anti-zigzag circuit to
be used to compensate for the fact that the dotecting elements will neces-
sarily be ctageered in poszition,

CONFIDENTIAT.
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Part 11 of tiie series of three pepers on the "Effect of Atmos-
pheric &dbsorpiion on the Response of Irnfrared Detectors" has been completed
and duplicated coples have becan prepared. Circulation of this report,
dated November 24, 1942, wil)l be delayed, however, because the writer
hes not yet recelved 20 coples of a Viecther Buresu report which is to
be circulated as an ettachment to Part 11,

rc)/cbb

Y (.. C2 (\,m.odn

Report prepared by I\ N HKUs T\, g v
R. Clark Jon%f

Approved by U am K. HWaX"
Elkan R. Blout
dzsociate Director of Research
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Enclosure 1

Effect of Atnoapheric Absorption on the Response of Infrared Detectors
Supplement to Paxrt 1
R. Clark Jones

Decanber 2, 1948

This i1a a zuoplement to the writer'c report dated September 24,
1948, which repori wzz the first of a series of three reports on the
subject indicsted by the title.

The results contained in Tebles I1I, TV, and V of the Septem~
bar 24 report have been extended to irciude %“wo additional source tem-
gperatlures. The Tables XXII1, IV, and V ln Lhe Septewber 24 report con-
tained results for the source temgerstures 350°, 4C0°, 500°, and £00° Kg
thie supplenienal contalns the seme tables with two sdditional ocurce
“emperatures: 200° and 10007 K,

The ratier extenzive calculations leading tc the entries in
Table I1I were egain carried out by My, Samucl Stone, Trbles IV and
V wore calculated ©tyv the writer.

The new entries in the tables have not been smoothed with respect
to the former entries. IBach of the individusl entries in these tobles is
probably within 310 percent of the currset value. These errors are all
due to the fact that the calcul:=%ions were carried out graphieanlly,

rej/cbb




Thermoccuple

1000°
800°
600°
500°
400°
350°

PbS, 290° K

1060°
8000
600°
£00°
LOOP
350

¥bS, 195° K

100¢°
800°
60c°
50c°
400°
35C°
Pb3, 90% K
16050
800
&oee
500°
4009
350¢

PbSe,

1600°
20c°
&00°
500°
L00°
350°

PoSe, 9U° K

1000°
800°
600°
500°
400°
350°

195° X

0.0 em

56,000,000
22,000,000
6,600,000
2,900,000
910,000
320,000

14,000,000
2,700,500
230,000
36,000
2,400

300

19,000, 000
u,;uO, 200
420,000
,;:ch"d

B, 800

930

26,000,000
6,600,000
730,000
160,000
16,000
3,100

26,000,000
8,300,000
1,200,000

30¢, 000
40,000
8,700

36,000,060
11,000,200
2,000,000
600,000
100,000
26,000

Peble I1)

0.1 cm

34,000,000
16,000,000
4,400,300
2,000,000
550,000
220,000

1{9UJO 000
2,500,000
220,000
32,000
2,100

260

17,600,000
4,000,000
370,000
46,000
5,200

840

24,000,000
6,300,000
€90,000
140,000
15,000
3,100

27,000,000
8,000,000
*,LOO 0oC

300,000
39,000
8,600

34,000,000
11,000,000
,000,000
570,000
100,000
22,000
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- ”
Values of J_pe in ergs/(cn=gec)

E¢nivalent Thickness of Water Vapor = ¥

1.0 cm

54,000,000
12,000,000
2,600,000
1,600,000
460,000
190,000

5,600,000
1,800,000
150,000
ﬂ?booo
1,300
40

’..J

20 W

- -

N D O
Wil Q Q
WO C oo

M e W o s

530,000
120,000
14,000
2,700

22,000,000
6,700,000
3,000,000

270,000
37,000
g,200

28,000,000
9,006,000
1,700,000

’ 490,000
791000
21,000

2.5 em

26,000,000
$, 800,000
2,30C,000

980,000
280,000
110,000

6,800,000
1,200,000
96,000
12,000
560

53

£,200,000
1,500,000
100,000
14,000
850

130

13,00¢,000
,,40bﬂcoo
320,030
72,000
£,800
2,000

16,000,000
5,000,000
790,000
210,000
21,000
7,400

21,000,600
J,aoo,voo
1,400,000
410,060
72,000
19,000

10.0 cm

17,000,000
5: 600 000
1,100,000

360 Coo

66,000
18 000

5,800,000
1,000,000
73,000
9,200
420

!}6

6,500,000
1., 300,000
81,000
10,000

Sa

7%

10,000,000
2,600,000
190,00C
49,000
6,100
1,560

13,000,000
4,000,000
630,000
180,000
27,000

&, 400

17,000,000
5,300,000
1,100,000

320,000
51,000
12,000

50,0 em

9,200,000
3,800,000
540,000
140,000
22,000
5,000

3,400,000
630,000
37,000
4,500
150

18

2,600,000
750,000
37,000
5,000

269

28

7,800,000
2,300,00C
390,000
100,000
15,000
3,800

9,200,000
3,000,000
540,000
160,000
22,000
5,000
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Teble IV

Values of the Attenuation Factor = Jopp(¥)/Jeeplc = 0)

0.0em Ol em 1O0em 2.5cm 10.0 em 50.0 em

1000° 1.0 0,60 0.60 0.46 0.30 0.17  Thermocouple
800° 1,0 0.73 0.55 0.45 0.25 0.17
6000 1.0 0.70 0.54 0.35 0.17 0.08
500" 1.0 0.69 0.55 0.34 0.12 0.055
4000 1.0 0.60 0,51 0.31 0,07 0.024
3500 1.0 0.70 0.57 0.33 0,055 0,015
1000° 1.0 0.86 0.68 0.48 0.41 0,24 PbS, 290° K
800° 1,0 0.93 0.67 0.44 0.37 0.23
600° 1.0 0,96 0.65 0.42 0.32 0.16
5000 1.0 0.89 0.61 0.33 0.25 0.12
4,000 1.0 0.87 0,54 0.23 0.18 0,08
3500 1.0 0.87 Qi 0.18 0.15 0.06
1000° 1.0 0,9 0,68 0.3 0,36 0,19  Pbs, 195° K
8oo° 1.0 0.93 0,67 0.37 .30 0.17
6000 1,0 0.88 0.55 0.2/ 0.19 0.09
5000 1,0 0.89 0.53 0,19 0.14 0,07
£400° 1,0 0.90 0.60 0.15 0.09 0.045
350° 1,0 0,90 0.60 0.14 0.08 0,030
1000° 1.0 0,92 0.73 0.50 0.38 0.25 Pbs, 90° K
800° 1.0 0.95 0.77 0.52 0.39 0.27
€000 1.0 0.95 0.73 0.44, 0.26 C.1€
5000 1.0 0.88 0.75 0.45 C.31 0.16
4000 1.0 0.94 0.88 0.55 0.38 0.23
2500 1.0 1.0 0.87 0.64 0.48 0.23
1000° 1.0 0.93 0,7  0.55 0,38  0.27  PvSe, 195° K
800° 1.0 0.96 0.80 0,60 0.48 0.32
£00° 1.0 1,0 0.83 0.66 0.52 0.32
5000 1.0 1.0 0.90 0,70 0.60 0.33
400° P 1.0 0.92 0.78 0.68 0.38
350° 1.0 1.0 0.94 0.85 0,74 0.44
1000° 1.0 0.94 0,78 0.58 0.47 0.26 PbSe, 90° K
800° 1.0 1,0 0.82 0.62 0.48 0.27
600° 1.0 1.0 0.85 0.70 0.55 0.27
5000 1.0 0.95 0.82 0,68 0.53 0.27
«00° 150 0.90 0.79 0.72 0.51 0.22
3500 1.0 0.85 0.81 0.19

0.73 0.46
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Table V

Fraction of the Totsl Incident Fnergy Which the Detector Utilizes
, 2 Jorr(Thermocouple)/J e (Photocell)

0 0cem Olem 10em 2.5c¢m 10,0 em 50.0 em

1000° 1.0 1.0 1.0 1.0 1.6 - 1.0 Thermocouple
800° 1.0 1.0 1.0 1.0 1.0 1.0

600° 1.0 1.0 1.0 1.0 1.0 1.0

500° 1.0 1.0 1.0 1.0 1,0 1.0

400° 1.0 1.0 1.C 1.0 1.0 1,0

2509 1.0 1.0 1.0 1.0 1.0 1.0

1000° 0.25  0.35  0.28  0.26 0.3, 0,37 PbS, 290° K
800° 0,12 0.15 0.15 0.12 0,18 0.17

600° 0,035 0,050 0.041 0.041 0.066 0.068

500° 0,012 0,016 0,013 0.012 0.026 0,028

400° 0,0026 0,0038 00,0028 0,0020 0.0065 0.0086

3500 0.0009 0,0011 0.00074 0,00048 0.0025 0.0036

1000° 0.34 0.50 0.38 0.32 0.38 0.39 PbS, 195° X
800° 0,20 0.25 0.2, 0,16 0,23 0.20

6000 0.06, 0.084 C€.063 0.044  0.073 0.068

5000 0.025 0.033 0.025 0,014 0.028 0,031

_ 4000 0,0064 0.0095 0.0076 0.0030 0.0081 0.012

3500 0.0028 0,0036 0,0030 0,0012 0.0042 0,0056

1000° 0.46 0.711 0.56 0.50 0.59 0.70 Pbs, 90° K
800° 0.30 06,39 0.42 0.35 0.46 0.47

6000 0.11 0.i6 0.064  0.14 0.17 0.22

5000 0.055 0.,07¢ 0,024 0,073 0.14 0.16

4000 0.018 0.027 00,0076 0.031 0.092 0.15

- 3500 0.009 0,013 0.0030 0,012 0,083 0.14

1000° 0,52 0.79 0.65 0.62 0.76 0.85 PbSe, 195° K
800° 0.38 0.50 0.56 0.51 0.7 0,60

6000 0.1£ 0.27 0.15 C.34 0.57 0.72

5000 0.10 0.15 0,075 0.21 0,50 0.63

4000 0.044, 0,070 ©€,030 0.11 0.41 0,68

3500 0.026 0,037 0,014 0.067 0,36 0.76

1000° 0.64 1.00 0.82 0.81 1.00 1,00 PbSe, 90° K
swo 0.50 0069 0075 0069 0095 0.79

600° 0,30 0.45 0.47 0.61 1.0 1.0

5000 0.20 0.29 0.31 0.42 .89 1.0

400° 0.11 0.18 0.17 0.25 0.77 1.0

3500 0.08 0,095 0,11 0.17 0.67 1.0
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Enclosure 2 :
. CONFIDENTIAL

Minutes of a Meeting in Vashington on November 22, 1948

Centract NOber-42179
R. Clark Jones

: licvember 23, 1948

A meeting wes held in Mr. Dauber's office in the Navy Depari-
ment Building on Constitution Averme in ¥eshington, D.C. on November 22.
The meeting lagted most of the day. Present were Harry Deuber, Bureau
of Shipe, and Flkan R. Flout and R. Clerk Jones, FPolaroid Corporation

Scope of Contract

The primary purpose of the meeting was to discuss the possible
increascd scope of this contrret. The discussicn included the neture of
. the extension, a discussion of approximate costs, and also a number of
technical detalls.

As suggested by Mr. Dauber, the scope of the contract would be
changed ™c iucluds develupment of an experimental model which will
serve to test under isctical conditions the conclusions reached as
the reeult of the system study. This model shall contein the basic
elements necessaery to demonstrate the principle of hemispheric detec-
tion and sball be designed to permit expansion into a model satisfying

" military requirements,”

The technical requirements involved in the construction of the
experimentel model are:

1. A detector should be land-based or mounted on en existing
steble platform, the optical syestem, the individual channel amplifiers,
and the switching tube to be in one unit, the remeinder of the equip-
ment in enother.

2. The system should be dual throughout. The optical, detect~

ing, and electronic systems will be duplicated. One channel will
employ heat detectors end the other photoconductive calls,

. CONF1DENTIAL
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3. Ip order tc avoid complexity in the experimental medel,
only four chennels of the total of 18 will ecturlly be constructed
in each of the twn gystems, Thcoe four channele shall cover a con-
tinucus range of elevetion anples. The renge in elevation angle
#4111 be 20°. The mean clsvation angle of the four detectors will be
sesected manually by means of a hand crank locatec cn the optical
receiver.

4. The detector will scan 34C° about a vertical axis.

5. The presentation is to be on cathode ray oscilloscope
screens, The presentation will either be by conventional means or
by artificial persistence provided by a megnetic atorage device to
be developed by the Armocur Research Corporastion.

Do Alse LUdyerly WRS sliingtand kevy tests wlih regara to
shock, vibtratisun, end humidity.

The digcussicn of the swmcunt of money to be involved in the
contract was Ussed cii the estluated completion time of 12 menths,
starting February 1, 1349.

The following amplificetion refers to the statcwent that the
model "ehall be designed to permit expension into & model matisfying
military requircmente.” This statement does not mean thet the same
physical structures should be copable of such expension, but merely
that the princlples of operaticn eghould be such ae to permit gaid ex-
panzion. Mr. Deuber suggested that the rcflecting mirrors should be
made of e size capstle of tsking the entire 18 elements., The box
housing the electrorices need not be large erough to cintsin 18 channels.
It will be a2ll right to employ a switching tube with a smeller number
of electrocdee then 18. It was left tc our discretion to decide whether
there shoulg be four or 18 presenteticn channels. It wes suggested
that the entire optical systen should be moved in order to change the
mean zlevation engle of the four detectors,

Procuremnent of Detectors

The Navy is willing to supply Herris thermocouples for this
contract. This does not mean, Lowever, that we may not procure Fornig
and O'Keofe type thermocouples,manufactured by Farrend, if we prefer.

With regerd to the photoconductive cells, the Navy will supply
Cashman cells.

CONFIDENTIAL
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{looling of the Photoconductive Cells

The real interest on the part of the Kavy in the hemispheriec
search detector is for the eventual apyiication to submarines. In
this application the cooling problem is very difficult. Fven if a
device such ag the Hilsclhi tube 1s uvzed, the returaing hot alr must be
brought down the rader mast, and this wouid mean sdded weight for
thermsl insulation. The weight in the wost must be kept down in order
to kezp the speed at which the mast rezomnstes high. Serlous attention
should neverthcless be given to an effort “o consider a cooling method
which is feasible for use on a pubtmarine,

Switcning Tubes

The T'ureau of Ships will buy directly the switching tubes from
the Nationel Ualon Company. This fact, however, does ir no way pre-
vent us frem using ordinary electron tubes &a switching tubes if we
prefer,

Hongnetic Storage

Mr, Dauber suggested that we wait until after Christmas to make
further inquiry about the detalls of the magnetic storage device.
At the present time the Armour Research Corporstion is studying the
application of magnetic storege equipment for AN/BAR-2 equipment.

Sun Protection

Because the direct imege of the sun falling on eny of the de~
tecting elements would burn them out, it is necessery ito employ some
device to protect the elements from the direct image of the sun. ¥r.
Dauber approved the use of a shutter which closes the entrance window
and keeps it closed for a determinaie number of seconds whenever the
level in any of the channels rises above e critical level, to be set
at approximately 120 db above roise level, # small silver chloride
lens will be placed in the entrunce pupil to provide a large and re=
latively low-brightness image of the sun upon which the window may
clese.

CONFIDENTIAL
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Presentation

:r. Dauber will consider a modification of a suggestion made by
br. Stockman. The modified proposal is as follows:

Eech of tne 18 channels will be represented on a cethcde ray

The radius of each circle will be proportionsl to the angle in the
sky between the zenith and the senrsitive direction of that channel.
There will be two cathode ray ozcilloscope presentations., Cne of the
tao tuber will be merely a monitor oquipped with e long persistence
screen. The monitor tube will not make use of magnetic storage.

M1, Douber suggests that the magretic storage device should permit
the presentation on the screcn of any one or any desired combinetion
of the following four scanning periods:

1. The last complzte scan,

2. The firgt complete scan preceding the last complete scan,
3. The second preceding such secan.

4. The tl'ird preceding such gcan.

If a1l four sceans are placed on the screen simulteneously,
it will be possible to see the motion of the target with respect to
the detector during the lzst 60 seconds. The superposing of sll four
ecane is disadvantageove frem the point cf view of signal-to-noise
ratio, however, so that provision must be nede for viewing each one
of the scannirg pericde eeparately.

Low Level Frequency Converter

At the present time the only method by wrich it aprears possible
to couple a low impedance thermocouple (aprroximetely 10 ohms) to the
grid of a tube at low frequencies (about one cps) by means of equip-
ment which weighs no more than a few ounces is to make use of some
meens of frequency conversion. Frequency conversion to a carrier
frequency of approximetely 1000 cps pexrmits the use of a very compact
and light-weight transformer. The writer has suggested two possi-
bllities for obtaining thie frequency conversion:

1. The use of a balanced second harmonic magnetic amplifier.

2. The use of a balanced modulator employing copper oxide
or selenium rectifiers.

CONFIDENTIAL
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#ir, Dauvkber sugegested that Dr. Stockmen and the writer meet
with representatives cf the Haval Rescarch Laboratory in the middle
of December tc discuss these possibrliities, snd he further agreed to
prepare the way for this meeting by discussing this questlon in detail
wlith the Naval Regearch Laborsitory prlor io the mecting.

Specific Task Agreewments

1. ¥r. Dauber wili set up & weeciing in the middle of December
to be attenled by Navel Resesrch Laboratory representatlives and by
Dr. Stoclman and the writer from Polercid to discuss low level fre-~
quency converier circuits. He furthe:r egreed, as mentlored ebhove,
to prepare the wsy by pricr diszcuesionz with the Naval Research
Laboratory on thie question. The wrilter azreed to communicate to Mr.
Dnuber a list cf posslble datez in the middle of December,

2. K. Duuber will sernd ve informstion on Armour lead sulfide
celle.

3. Mr. Dauber will write us wi*h regerd to procurement of
lead sulfide cells and thermocouples.

4e Np, Desuber i}l send us cevalled information on the stabilized
pletform, Thils informatien should te sufficlenlly complete that by
its vee we can deeglgn equipment to wount om this pletform, and elso
should include information as to the permissible roments of inertia
abcut gpecifled axes.

5. Mr. Davber wlll gupply ur wiih reports on tre methnd used
in radar to derlve the optimum screen brightness versus signal level
relation.,

6. Tke writer agrees to send to Mr. Dauber one copy of every
future report on range of delcctors as soon as it is available.

7. Ur, Davber w12l cllaln dnfuraatici on Ve mellods ubed la
neking searchlight reflectors to determine whether the reflectors
for the hemispheric search detector mey be made by the sems method,
and to determine whether the reilectors used for the hewispheric
search detector can he nracured threngh Army or Navy channels.

8. Mr. Dauber will try to obteln a finel ruling on the range of
elevaticn angles hardled by the compiete hemiepheric search detector.
His tentative suggestion is 0% to 60°, but this is nod firpal,

rci/chb
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Enclosure 3 GULFI1DENTIAL

$
Minutes of a Meeting to Discuss the Mechanieal Aspects
of the Hemispheric Search Detector

R. Clerk Jones

November 15, 1948

The meeting took place in the fifth floor confercnce room of the
Poleroid Corperstion on Friday, Fovember 12, from 10:00 a.m. to 12:45 p.m.
1t was attended by E. R. Blout, b. S, Grey, ®. C. Jones, C. H. liatz,

M. Parrish, Jr., end H. Stockman.

In the first part of the meeting the writer presented an overall
summary of the current status of the detector, during which a mumber of
new end worth-while suggestions wes made. These sugpestions are stated
later on in this report,

The primary purpose of the mecting was to discuse the mechsnical
features of the detcctor and to meke preliminery estimates of the materials
and weight of the various components. It was assumed that the redius
of the spherical reflector was one foot and that the diameter of the
entrance window was 9", This correeponds to & numericel aperture of
0.75, and to & circle of confusion 29 in diameter for a point target.

That part of the complete sphere which will zactuelly be required consists
of a section 9" wide and 29" long. 1t was estimated without detailed
calculetion that a mirror of adequate rigidity could be constructed

from aluminum with an average thickness of 3/2", or from a plastic material
with on average thickness of 1", 1In either case the weight of a single
reflector would be 10 pounde. '

It was furthermore assumed that two separate reflectors would be
used, one for the chennel employing theimocouples and the other for the
channel employing photoconductive cells. 1t was decided thet the remain-
ing wechanical parts required to mske a complete enclosure could be made
of very light weight material. It was proposed that the individusl re-
flectors be erranged so thet when both of them were used simultaneously
there would be no wall bectween the two separate optical spaces, but thet
they would be arranged so that either c¢ould be used by itself with a
complete enclosure. See Fig. 1.

The maein drive motor required to achieve the rotation rate of

24° per second and the associated relatively heavy bearings were assumed
to weigh 10 pounds.

The silver chloride window of 1/8" thickness was essumed to weigh
3 rounds.
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The equipment required to chop the light falling on the photo-
conductive cells was ascsumed to weigh 5 pounds.

The electronic equipment was assumed to weigh 10 pounds.

in agsignment of 5 pounds wac made for miscellaneous lipght weight
mechanical parts, including the aluminum sheeting to enclose completely
the optical systems,

The total of these separately estimated weighte is 56 pounds
if one considers that two reflectors and two windowes are necessary.
Since the various weipghts In meny cases represented very rough estimates,
it wes felt thrt the totel estimated weight wes in good accerd with
the design objective of 50 pounds.

1t was agreed that detsiled mechanical dreswings co'ld not be made
until more detsiled informetion was availsble about the nature of the
stabilized platform upon which the hemispheric search detector is to be
mounted. The question was rniged as to whether the besic limitation
involved in the stabilized pleotform was a matter of weight or of moment
of inertia. If it is the lsiter, the design should be sltered in such a
way 2s to place mcst of the weight near the center of rotation,

The Chopper

The chopper which serves to modulate the llight falling on the
photoconductive cells at the rate of approximately 800 cps was given
consideratle discussrion. The writer's proposal to the meeting was &
cylindrical hcop with a redius eslipghtly greater than the radius of &V
along vw!'ich the 18 detectors are to be located. 7The hoop would be approxi-
mately 1/2" wide and would consist of sections alternately open and
opaque., See Fig, 2,

The requirement thet the signal be synchronously rectified serves
to determine the anpgular length of the open and closed portions of the
hoop. Because the openinge rove In the direction of the length of the
detecting stripe, the phase of the modulation will not be the came at
at the two ends of the strip. If one requires that the symnchronous
detector yield an output for & signal on the end of the strip which is
not more than one db less than the signal obtained from the center of
the strip, then it follows that the total phase difference between
the two ends of the strip csnnot be more than 60°, Since the length
of a detecting strip is approximately 7°, it follows that the total
encelar length on the hoop of an open strip plus an opaque strip cannot
be leses than spproximately 42°, If 45° is used, then eight openings
may be placed around the circumference of the hoop. The required rate
of revolution to obtein a freguency of €00 cps is then 100 revolutionse

per second, or 6000 rpm. It was felt that this rate of revolution was
not lmpractical with a light and well balanced hoop.
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An alternrtive suggestion was mede by Nr. Grey. He pointed
out a notable advantzge which would be obteined if the circumferential
length on the hoop of the open and opaque portions were esch made
equal to 3.5% half the length of the detector strip, the detecting
elerent would not respond to the temperature of a uniformly 1l1luminated
sky. Thie is en advantsge which would be much desired with the thermo-
pile dotector, but is not of much moment vith a photoconductive cell.

A further comnlication is involved in Nr. Grey's proposal as
follows: Uith this proposal the phase difference between the modulstion
at the two ends of the strip is 3600, Accordingly, the output of a
synchronous rectifier would be zero for several positions of the target
on the strip. In order to meet this difficulty, Nr. Grey suggested thet
two separate synchronous rectifiers be used, adjusted in phase quadrature
to one another. le suggested that each of these two signals could be
cseparately displayed on the presentatlion screen. This would, of course,
mean 3¢ precentation chsmnels instead of 18 as previously prorosed.

It might at first be thought thet the outputs of the two syn-
chronous rectifiers in phase quadrature to one ancther could be sent
through separate full-wave rectifiers, and that the outputs of the two
full-wave rectifiers could then be superposed. Unfortunately, this
prodecure cannot be used because it leads to a reduction of 3 db in the
signal-to-noise ratio. The same loss of 3 db in sipgnal-to-noise ratio
occurs 1f the sipnal from the photoconductive cell is subjected to simple
rectification rather than synchronous rectification,

Dr. Matz suggested that the chopping be obtained electrically,
by chopping the voltege applied across the photoconductive cell. Ex-
amination showed, however, that this procedure would moduvlate up to
800 cycles the low frequency noise of the photoconductive cell, so that

the advantages of the chopping process in increasing substantially the
signal-to-noise ratio would be lost,

The figures attached to this report were prepared by Pr. Stockman.

rcj/cbb
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Decenbar ¥, 1948 CONE?!I)ENTIAL

Harry Stockmna

The es:ential functions of the llonitor PPI tube in the electironic
evstain witn reference to addecd “memory" types of tubes may he described
a8 follows:

a. To vrovide a plen pouiltion indication of +ths scanned area in
the foim of o bird's-cys view, ond tc indicate the position of any de-
tected target, giving the elevution in the form of the radiel distance
from a point reprasenting =menith.

b. To pregent all turget indicetions by means of a slow rotating,
fagt sweeping radius vector,®™ carrying 2 superimposed zigzag deflection
sg part of the anti-wvigzag circuit. (Sea "initi-Zigoag Circuii for the
Herilagpheric Scarcl Detector, Model 1,V Noverber 2, 1048.)

¢. To uss a PPI sereen itk & tentative time constoant less than
one second; associated with other PPI'g with arrangement for criificiel
Tmemory" so thot the past history of the target may be displeyed for a
bime duration c3 large as one mimte.

d. To combine instantaneous recording vith nemery recording in
one digplay,2ll degired information teing available at @ glauce on a
dieplay paizel.

¢. To indicete the position of the target sharply, maintaining
given repolution figures in azimuth (wormal to the radius) and in
elevation (along the radius).

f. To vrovide the indication of the individual target with proper

signal dynecmlic range, so that the minimum terget signel strength is at
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ths noise level, while the maximum target strength is a specified
maximum jlluminatior level; the dynemic range extending over a speci-
fied range in decibels. This range depends upon a number of rfactors
to be discussed in later reports.

g. To record the extension of & lerget in =olid angle of in-
ceming rediation, reprecented as an srea on the FPI screen. This
means that a strong, close-by torget (to the extent detection of this
target is desirable) should not illuminate more ares on the PPI tube,
than what corrasponds to the spread of incomlng rodiation over the
cells in the optical scanner. The strength of the signel must not in-
fluence the coverage by more than a specified percentage figure. Thus
it would be necessary to specify that: for maintained input resolution;
the illuminated spot must not widen out more than, say, 20 percent,
when the signal level is changed, say, 50 db.

Essentially the artificiel persistence circuit is needed tecause
of the imprecticability of building a zingle PPI tube with large time
constant. It is degirable that the smount of persistence can be con-
trolled and set to different wvalues, and to do ithis in a simple way on
a long persistence screen is rather difficuit. The simplest solution
to the problem of con*trolied persistence is to use several displays
with fixed amounts of delay time. The original Dauber propocal, men-
tioned in the minutes of the October 1%, 1948, meebing, provides a
straignt-forward approach, but the use of specizl multi-gun CRO's mekes
it desirable to provide first a type of indicator of different and sim-
pler design, utilizing stendard single-gun typc CRO's. Such a system

would provide PPI pictures ot the times t, t + 15, t+ + 30, and ¢ + 45
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seconds; where t is located within a iime interval G .- 15 seconds.
A fifth CRO would be used as a monitor without any form of artificiel

perailstence applied to the irdication. A =ixth CRD may be added as
a "tracerscope.”

hicde ray tubes with screens %a," "p," ﬁc," and "d" are
arrenged as is showa in Fig. 1, indicating the terget history at the
present time ty x= t, and at ithe past times vy = ty + 15, to= ty+ 20,
and tq = ty 1~ 45. The monitoring scope "m" is arrcnged in the center.
The system may be deseribed in iwe parts, the first part considering
only the PPI "a," the second one the additlonal equipment involving
PRPI's b," Fe,” and "d." A third part msy be added, deacribing the
gixth CED in the form of & display PPL "e,” which combines the indice.-
tions of gecopes "a,® b, Pe,d and "d" so as to show, to the extent
posaible, ths track of the target pascing = certain part of the field
of observation.

In Fig. 1 the scopes show the following displays:s for an assumed
time zonatant of the order of one second, "w" gives indication only for
approximately 1/15 of the totel azimuth angle of 360°; anything troiling
the radius vector further back than approximately 30° vanishing. HNot
even noise is revroduced on the non-active 330° of the scrcen. Scope
"a" shows the assumed single target plus background noise, but only
curing ths last encountered 15-second interval. Information older than
15 seconds isg not included in the "a"-scope presentation. Scopes "b,"
7¢," and "d" show the seme informeticn as scope "a," only at earlier

time intervals, as previously described.
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Clrcuits for PPI "g"
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Considering an indicator in the simple form of one PPI "a" with
associated artvificial persistence circuit, the following points may
be nade:

a. A transpsrent pattern with 18 rings, divided into 360°, is
placed over the screen, so that wherever a terget indication appears,
the azimuth and elevation of the target con be directly read off with
fin accuracy given by the total accuracy of the entire saptical und elee-
tronic system. The reading is ecsy, as the target essentially remains
in the same position and shows constant 1llumination intensity.

b. The incoming, cperating signal is split into two parts, one
which provideg Z-modnlation on FPI "m," and onc which goes intc the
magnetic recorder or "drum" R-e, for storage. The indicated design of
the recording unit is aymbolic and only serves the purpose of conveying
to the recordsr designor the general information on reguired systems
behevior.

¢. The fcllowling tentetive assumptions will bc made for the pur-
pose of reasoning, and concern what will be termed z "standard" target.
If the output resolution ig 20 in ezimuth, and the B-frequency 200 cps,
then there will be approsdimately 8.3 radial B-aweeps per legroe, occu-
pyirg an azimuth gconning time of approximctely 0,04 sceond. If there-
fore the target would occupy a 2° display sector, it will consist of
essentielly 1.7 radiel traces, which may floail vogether on a CRO screen
into one illuminated spot. If the time constant of a sacrecn is of the

order of one second, the front edge of the tzrget response will show

full light intensity when the back edge is still in the process of being
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completed. The spol =0 produced will then stay on, rather evenly
illuminated, for about & second before the light intensity is dowm
to a third of its valve, i.e., during the time the radial sweep des-
cribes an angle of 24Y.

d. Figure 2 shows in an slementary way the arrangement with the
recording head symbolized by two thin magnetic edges n, s, so that if
the tape moves with the velosity v, and 2z pulse is anplicd during the
time t 1o the windings N, a "bar"™ magnet of length vt results. A com-
rlete sweep of duration Ty = 15 seoconds corresponds to a "bar" in form
of a circular ring of length vT,, and this quintity is of the corder of
one foot.

8. Figure 3 illustrates one possible errangement for simultzneous
repetition of the interval T, on 18 tapes or rings, arranged +s nro-
vids a "érum" surface, mzking one complete revolution in 15 seconds.
(Alternatively the drum may be fixed and all heads rotating.)

f. Figure 3 indicates that when the pickup head is passing the
recerding head, a srurious signal may be injected which is not z true
signal "bar," recorded into the magnetic surface. To prevent this e
bianking signal may be arranged to blot out the direct signul from the
recording head. For accomplighing this the recording hecad may carry
a high-frequency signel above the cut-off frequency of the wire magnetic
material, which signel is picked up by the pickup head and used to ex-
ite, after proper rectification; the blanking circuit. Another possi-
bility 15 to make one hoad fump out of the way for the other, when
passing.

g. The various frequencies involved will now be reviewed with

reference to Figs. 1, 2, and 3. The monitoring scope deflecticns fA
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and fB follow the deflections of the line switcring tube. The circuler
sweep on all other CRO's is faster by the factor k, which may be tenta-
tively set to 10 to 50. The radial deflection frequency is the same
for all "memory" CRO's, and has e higher value than that used for the
‘m"-gcope. The secuence of input signals is applied to a switching
tube, the plate electrodes ol which are directly connccted to the fixed
18 recording heads. The resulting, caw-tonth, B-sweep, is symbolically
shown on the ring surface of the recording unit R-a. The synchroniza-
tiom is such that the ..:th ring is slways conneccted to the incoming line

Just when the 1:th pulsc arrives from the i:th cell in the optical scan-

arr. After a completo 15-secord revolution of the "drumh, 21l turgets
received by the optical scanner are properly engraved at the right

pioces on the surface of the drum. Due to the higher speed of rotation
of the axially arranged, inside pick-up heads, the pick--up scanning
frequency is sufficiently high to 1lluminaie the targets on the "memory®
of CRO "a" at a rate above the flicker rate, and the CRO "a" appears

te have an infinitely long time constant, j.e., infinitely high per-
gistence.

h. The connection between the fast robtating pick-up heads and

the CRO "a" is as follows: As is symbolically showvn in Fig. 1, tha
recording unit R-a ig indirectly connected to the cathede modulation
coentact of CRO "a.” The probiem ies now to connecct consecutively each

one of the 18 pick-up heads with the CRO ®e," so that the i:th head is

always the one connected when the CRO beam iz deflected radially to

the i:th channsl. Two eynchronization circuits are involved: the
one that makes the circuler sweep of CRO '@ follow the circular movement
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of the pick-up heads relative to the drum {utilizing the syuch-marker
shown), and the one that makes the radial deflection of CRQ "a" synchronize
with the axial saw-tooth sweep from hezd to head, accomplished by a
storage sgwitching tube. This tube is conveniently built with 19 elec-
trodes, of which one serves as a synchronization electrode. Tentatively,
the radial deflecticn frequency in CRO "a" may be assumed to be of the
order of 10,000 cps. (At this first approach to the problem the unde-

eirabls ratios between certain parameters are rather discourapging.)

Extension of CRO's "b," "c," ang "g"

The complete arrengement with four high persistence CRQ's invelves
the use of four recording units R-a, R-b, R-c¢, and E~d¢. Each one has
18 tracks for recording of the various cell outputs through a complete
15-gecond revolution. The follewing points are of particular interest.

a. Congidering the basic principle, and storting at the time t=0,
the recording unit R-a ig connascted to CRO "a," go that after 15 seconds

1 targets are permanently vecorded on the R-a "dium," and by means of
the scanning pick-up hsads repezatedly reproducad on the "&" screen. At
this instant recording unit R-a is switched over to CRO "b," and the
past higtory of CRO "a® is now repsated on the screen of CRU "b." At
this instant, gimultencously with R-a being connected to CRO "b," a new

and umused recording unit is connected to CRO "a,™ end during this

second 15-second interval, it is convenient to renome unit R-a to R-b,
and to call the partly unused unit R-e. During the third 15-second in-
terval, unit R-b becomes R-c, unit R-z becomes R-b, and a new unit is

thromn in as R-a. The procedure is repeated during the fourth 15-second
interval, during which R-c becomes R-d. During the fifth 1l5-second
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interval, unit R-d becomes R-a, but all magnetic recording is erased
before the magnetic material can be actzd upon by new incoming signals.
In this way ell the recording units pass thrcugh the same one-m nute
cycle, ard the desired result is achieved by having CRO's "b," Wc, " and
¥*d" show screen patterns, all respectively delayed 15 spconds.

b. The recording unit switching action is very slow, and can be
eaccomplished either with contact gprings or with still additional switch-
ing tubes.

The Iracerscope "a"

The CRO showing the continuous signal tragck of a target, to the
exvent this can be accomplished, is in principla a linecr mixer tube,
recoelving simultaneously all the signzals that normally go to tubes 'a,"
", " "e," 2nd "d." It is believed that tals wlil result in appreximetely
twice as much background noise on the scrcen. The rosult may be the
one pictured in Fig. 1 (the trace a - @ ).

A New Suggestion

During the meeilayy 1n Washington, November 22, 1248, kir. Dauber
suggested the simplification of using only two CRO's, one to carry out
the function of the monitoring scope "m," the other to carry out any

chosen function of scopes "a,” "b," %"c,* or "d.®™ The circuit arrange-
ment shouid be such that any one display can be superimposed on any
other display, and ultimetel y all four displays "a," "b," "c," and "d"

superimposed to yield the tracer—-scope display "e."

HS/h
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Mechanical Design of the Hemigpherie Search Detector, iodel 1

November 22, 1948

tiarry Stockman

For a proper discussion of this subject the latest form of the
overall electronie gystem for the search detector {dsted November 22, 1948)
will first be considered, see Fig. 1. Tor proper tube operation sll ampli-
fication on top of the mest has been placed pricr to the switching tube.
Added amplification for low noise transmission througn the cable has not
been deemed necesszry. It is estimated that an amplificetion of roughly
120 db is required prior to the switching tube with the amplificition
properly divided between the cell-amplifiers and the channel amplifier.
Automatic gain control, AGC, circults ere provided individuelly for each
amplifier. as in this wey fust operation can be secured. Additional AGC
circuits may be required, as 18 gymbolically indiceted in the diagrern,
Fig. 1. I+t may be found desirable also to upily AGC acticn to the indi-
vidual radiation detectors, although this has not been suggested in Fig. 1.

The cell-anmplifiers mey be mocunted directly behind the cells in
a box, including the "arc of cells," and additional nousing arranged just
outside the "seectors” for subseguent amplification. All this electronic
apparatus rotates with the optical =scanuner.

Two optical scamners are used with completely duplicated elec-
trovic equipment, the "warm” thermopile gcznner, snd the "hot" lezd sulfide
scarner. The latter requires an optical chopper, end & method for errang-

ing thic chepper, sltovm in Fig. 3, hus been suggested by Jones and Parrigh,

CONFILENTIAL
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end will be discussed in the following. Both opticel scanners, with asso-
ciated equipment, sre .ounted on & stabilized platform with slip riug
arrangements for input power and output signals. Instead of a dome surround-
ing the entire rotating device, silver ciioride wiadows are used in both
"sectors," covering the entrance pupils, and in the case of the "hot" channel
also the chopring wheel. For the tiwe being the problem of eooling or no
cocling will be left out of congideration.

Figure 2 shows the proposed design. All suggestions implied are
tentative, as changes in the components will affect the fingl cdesign con-
siderebly. The two "sectors" contuining the spherical mirrors, or reflectors,
are mounted in fixed positions side-to-side on the rotatinyg pletform, supported
by the verticel shaft. Kach "sector! conteins & cell-emplifiier box, houging
the cells, cell-amplifiers, and associated circuit components. Boxes for
preamplifiers; switrning tubeg, snd associuted equipment are mounted on each
®gector! &and properly coannected to the cell-eamplifiers.

The two fgectors® differ in some respects, as different kinds of
cells are used. The essential difference is the chopping wheel, Fig. 3,
mounted in the "hot" system sector. This wieel hag eight aperiuresg in
cylindrical arrangement along the rim, which meens that the rotational speed
of the wheel is considerebly reduced from the speed required for a single
aperture arrangement. The shaft of the chopping wheel is held in position
by a beering, associated with the outer well of the sector, &nd with the

foundation for the driving motor. The nearness of this motor to the sensi-

tive electronic circuits puts high requirements on the shielding and decoupling

arrergements. It is also possible that the fest rotctiny chopping wheel may

CONFIDENTTAL
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ceuse disturbances due to electrical charges in the wheel and zassociated
equipment.

The silver chloride window for the "hot' system is combined
with the houeing for the chopping wheel, «s is indicuted in Fig. 2. The

shape of the silver chloride dome ig such asg to let through &ll active

rediostion anc

LIRS (I G the uousing are made of more suitable
material, metal or plastics, not transparent to the incoming rediation.

For a minimum chopping frequency of 50U cps, the reqguired speed
of the wheel is 3750 rpm. For 200 cps the speed becomes 6000 rpm, and
for this higher speed various difficulties in mechzniczl design may be
encountered,

The following tentutive figures for the weight of the major

components have been arrived at:

Pounds

Two Fsectors" of cast aluminum of 1 foot radins, 3/8 inch

thick, including 9" x 29" sphericzl mirrors {reflectors),

10 lbs. each 20
One silver ciloride window, 1 - 12 4 trengmission, for the

"wern® system 2
One silver chloride window, 1 - 124 transmission, for the

"hot' system 4
Rotating scanning system (cnopping wheel, plus shaft, plus

bearing, plus iotor) 5
"Arce of cells" with cell-amplifiers, ete., in position,

1.5 1lbs. each 3
Preemplifiers with housing, 1.5 lbs. each 3

CONFIDENTIAL
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Pounds
. Switching tubes and asgociated equipnment and housing;
2 1lbs. each 4
Mein shaft, bearing, slip ring box, untor., etc. 10
[Miscellaneous 5
56

hascl
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Harry Stockman

It is desirable that the esarch detector show a continuous response
as ths elevation angle is varied, so that no targets are lost due to
"vertical® discontinuity between cclls in the optical scanner. For this
reason the cells in the szanner are stagpered or dispiaced = specified
distance in the dirsction of the scanning, epproximately equal to the
width of the individual cells. It is dezirable that the indicator operate
in such a way as to undo the effect of stogesring, so that the appear-
ance of the CRO presentation becomes that of an idezl scanner with
straight-line arrangements of the cells, free from discentinuitles.

If a point terget is received on the borderline between two cells,
or if the target has the form of & vertical line rczdiation, some of the
response will come in on the first encountered cell during & scanning
azimuith angle of 2°, or a gcanning time of approximately 0.1 second,
while the reminding response comes in during the following scanning
angle of 29, ond the following time interval of approximately 0.1 second.
One spolution is then to arrangs the indicator circuits in such a way that
the {irst response is delasyed t, seconds, where t, is the zigzag delay
time (approximately 0.1 second), and then flashed on the CRO screen at
the same time as the second response occurs. Thus the effect on the
indicator is the seme &g if 211 cells were mounted in a line. This ia
illustrated by Fig. 1, showing the scanning detector and the displzy

CRO screen.
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The desired time delay ty can be providad in several different
veys. The problem is simplified by the fact tliut the delay applies to
one specified set of cells,for exzample, all the odd cells 1, 3, 5,...17.
The following requirements on the delay scheme are importent:

a. The delay should be t; seconds, with an adjustnent kts,

controlled, for exampls, by synchronization to the fre-
quency source fy = 1S cpz2; so that the delay alwoys is
maintzined at preper value.

b. The delay circuits shall perform the delay iy without

changing the character of the signal to cny extent in
any respect.

4 delay circuit may oe useful even if requirement (b) is not
rigorously fulfilled, particularly if this means simpiifications in
circuitry.

Figure 2 shows the principle for a delay system, when the delay
is introduced nrior to the line switching tube. This has the advantage
that from the switching tube on, the circuit is the some as if all cells
were positioned in one line. It is here assumed that the responses
from cells 1, 3, § ..... arrive ty seconds before the responses from
cells 2, 4, €....., so that the former are the ones to be delayed t,
seconds. Each channel requires a separate delay unit, but 21l delay
units are of identical construction.

Figure 3 shows the principle for use of independent "even" and
"odd" line switching tubes. Here an "odd" output is deloyed, so that
the down-lead output to the indicetor provides a response of the same

kind as would be obtained, were all cells mounted in line. The two

CONTTDENTIAL
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line~-switching tubes must te properly synchronized, so that the beem in
one scans an input terminal at the same time as the beam in the other
traverses the distance betwsen two input terminals. This scheme is mere-
ly included for completeness of presentetion, and is nof expected to be
of the sume practical value as ihiz one described with reference to Fig. 2.
Both these methods would require rutier elaborate delsy lines or storags
devices, such &s magnetic recorders, and it is suggested that Licdel 1 be
built in accordance with the third method, described in the following.

The third method is ghown in Fig. 4. & vertical line target is
agsumed, as shown in Fig. 1. Without any enti-zigzag circuit the presenta-
tion on the CRO will be the one refcrred teo ag Yoriginal presentation® in
Fig. 4, only that response 1l will cppear eerlier and die out earlier
than response 1C. If now & square-wuve is superimposed on the radiel
sweep, this radial sweep will eppesar to the eye us the zigzag line, shown
in Fig. 4, assuming no incoming signal. When the signals from the verticsl
line target are applied, the resulting effect with respect to varget
response is the one shown to the right in Fig. 4. As before, response 11l
will appear a short time earlier then the response 10, snd similarly &2
out earlier. For proper operction the superimposed zigzag sweep should be
synchronized with the radizl sweep.

Other alternatives exist, no doubt, and the prescnted material

merely serves as an introduction to this particular problem.

hs:h
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